IMPORTANCE Health disparities in the clinical presentation and outcomes among youth with type 1 diabetes exist. Long-term glycemic control patterns in racially/ethnically diverse youth are not well described. EXPOSURES Self-reported race/ethnicity. 
Introduction
Type 1 diabetes (T1D) treatment is centered around the improvement and maintenance of tight glycemic control, as assessed by levels of hemoglobin A 1c (HbA 1c ), to prevent acute and chronic diabetes-related complications. [1] [2] [3] Glycemic control can vary considerably from diabetes onset through adolescence, [4] [5] [6] where fluctuations are known to occur during puberty 3, 4, [7] [8] [9] [10] [11] [12] and during early adulthood. Poorer glycemic control during early adulthood or from childhood to young adulthood has been attributed to a lack of continuity in diabetes-related clinical care 4, 11, 12 as well as changes in self-care as children and adolescents with T1D grow into adulthood. 9, 10, 13 However, glycemic control in youth and young adults with T1D is critical, as a higher average HbA 1c level in this period of development is associated with impaired growth as well as diabetic complications.
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In cross-sectional studies of adolescents and young adults, glycemic control differs by racial and ethnic subgroups. 18 African American, American Indian, Hispanic, and Asian or Pacific Islander youth with T1D are more likely to have higher HbA 1c levels compared with non-Hispanic white youth. 19 In longitudinal studies, nonwhite youth with T1D have increased markers of poor prognosis at diagnosis and 3 years following diagnosis, including higher HbA 1c levels, more frequent diabetic ketoacidosis, and severe hypoglycemia. 20 A constellation of sociodemographic factors related to race/ethnicity and glycemic control have been proposed, ranging from family dynamics, depressive symptoms, and quality of life 13, [21] [22] [23] [24] [25] to diabetes regimen. [26] [27] [28] The role of socioeconomic position as a mediator of racial/ethnic associations remains controversial. [28] [29] [30] [31] Additionally, health care-specific factors such as disparities in health literacy, diabetes-related knowledge, or access to health care are known to contribute to pediatric health disparity but have not been well explored in T1D. 32, 33 Latent class trajectory modeling has been used to identify subgroups who share a similar trajectory of HbA 1c over time. 34 Few studies have examined whether racial/ethnic disparities in glycemic control persist over time from childhood into young adulthood among individuals with T1D.
Our objective was to first visualize major trajectories of glycemic control from childhood into young adulthood using all data from youth of all racial and ethnic groups and to then characterize specific associations between race/ethnicity and distinct longitudinal patterns of glycemic control. Our hypothesis was that non-Hispanic black and Hispanic youth would be more likely than non-Hispanic white youth to have unfavorable trajectory patterns representing poor glycemic control and that this association may be mediated by clinical factors such as diabetes regimen [26] [27] [28] and by socioeconomic position.
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Methods
Study Population
The SEARCH for Diabetes in Youth study began in 2000 with an overarching objective to describe the incidence and prevalence of childhood diabetes among the 5 major racial and ethnic groups in the United States. 35 Individuals with diabetes diagnosed before age 20 years were identified from a population-based incidence registry network at 5 US sites (South Carolina; Cincinnati, Ohio, and surrounding counties; Colorado with southwestern Native American sites; Seattle, Washington, and surrounding counties; and Kaiser Permanente, southern California measures using available data from the study baseline and the cohort visit. The final study sample included 1313 youths with T1D ( Figure 1B ). The study was approved by institutional review boards with jurisdiction; the parent, the participant, or both provided written consent or assent for all participants (consent of Ն1 parent or legal guardian was required for participants aged <18 years). The study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.
Research Visits
Trained personnel administered questionnaires; measured height, weight, and blood pressure; and obtained blood samples. Body mass index was defined as weight (kilograms) divided by height (meters squared) and converted to a z score. 37 A blood draw occurred after an 8-hour overnight fast, and medications, including short-acting insulin, were withheld the morning of the visit.
Laboratory Measures
Blood samples were obtained under conditions of metabolic stability, defined as no episodes of diabetic ketoacidosis in the preceding month and the absence of fever and acute infections. They were processed locally and shipped within 24 hours to the central laboratory (Northwest Lipid
Metabolism and Diabetes Research Laboratories). Hemoglobin A 1c was measured by a dedicated ion exchange high-performance liquid chromatography instrument (TOSOH Bioscience).
Other Measures
Self-reported race and ethnicity were collected based on questions modeled after the 2000 US Census 38 and categorized as non-Hispanic white, non-Hispanic black, Hispanic, and other (Asian, Native American, Pacific Islander, other, and unknown). Although the US Census accommodates reporting of multiple races, the SEARCH study did not have sufficient participant numbers to allow evaluation of separate categories of reported multiple-race groups 39 and used the National Center for Health Statistics plurality approach, in which data from a study designed to address multiple-race reporting was used to determine which single-race category should be assigned for specific combinations of multiple races reported. 
Statistical Analysis
We used group-based trajectory modeling to identify trajectories of HbA 1c among youth with T1D using duration of diabetes (months) as the time scale via the PROC TRAJ macro of SAS statistical software version 9.4 (SAS Institute Inc), which fits a semiparametric (discrete mixture) model for longitudinal data using the maximum-likelihood method. [40] [41] [42] [43] [44] Trajectory analysis uses all available data for a participant and is robust to data that are missing at random. Details about trajectory analysis have been described elsewhere. 43, 44 The optimal number of groups was determined based on Bayesian information criterion and having at least 5% of the sample in the smallest trajectory group. We named the trajectories based on the baseline HbA 1c value (from the initial research visit) and shape of the trajectory over the follow-up visits. We then calculated the posterior predicted probability for each participant of being a member of each trajectory group given his or her observed HbA 1c pattern. Participants were assigned to the trajectory group for which they had the greatest posterior probability for group membership. Multinomial regression was used to assess the association of race/ethnicity (non-Hispanic white vs non-Hispanic black vs Hispanic) with HbA 1c trajectory group membership. Youths who reported Asian or Pacific Islander, Native American, other, and unknown race/ethnicity (n = 34) were excluded from multinomial modeling. Non-Hispanic white was designated as the referent group.
All covariates were measured at baseline. Model 1 was unadjusted. Model 2 was adjusted for demographic factors (sex, age at diagnosis, and clinic site). Model 3 was additionally adjusted for clinical variables (body mass index z score, insulin regimen, insulin dose, and frequency of selfmonitoring of blood glucose). Model 4 was further adjusted for socioeconomic position (highest parental education, household structure, and health insurance type).
Given previous findings of health inequity, 45 we tested for sex-and age-related subgroups who may be particularly vulnerable to the effects of heath inequity. Modification of race/ethnicity effects by age and sex was tested by adding an interaction term (race/ethnicity × sex and race/ ethnicity × age at diagnosis, respectively) to model 4. The nature of the modification was explored in models stratified by sex and the median age of diagnosis (9 years a Model 1 was unadjusted. Model 2 was adjusted for demographic characteristics (age at diagnosis and clinic site). Model 3 further adjusted for body mass index (calculated as weight in kilograms divided by height in meters squared) z score, insulin regimen, insulin dose, and frequency of blood glucose monitoring. Model 4 further adjusted for socioeconomic position (maximum parental education, household structure, and health insurance type).
b Self-reported race and ethnicity were collected using 2000 US Census questions and categorized as non-Hispanic white, non-Hispanic black, Hispanic, and other (Asian, Native American, Pacific Islander, other, and unknown). Respondents who selfreported as other were excluded from these analyses due to small sample size (n = 34). a Self-reported race and ethnicity were collected using 2000 US Census questions. White was defined as non-Hispanic white. Nonwhite was defined as non-Hispanic black, Hispanic, Asian or Pacific Islander, Native American, other, or unknown.
b Fully adjusted for age at diagnosis, clinic site, maximum parental education, household structure, health insurance type, body mass index (calculated as weight in kilograms divided by height in meters squared) z score, insulin regimen, insulin dose, and frequency of blood glucose monitoring.
Discussion
In a large, population-based multiethnic cohort of youth with T1D, we found 3 distinct HbA 1c
trajectories that deteriorated over a mean (SD) follow-up of 9.0 (1. Complications Study (EDIC). [1] [2] [3] 48 Disparity in glycemic control across trajectory groups in the present analyses even exceeds differences reported across groups of the DCCT/EDIC trial (which compared a median HbA 1c of 7% of total hemoglobin in the intensive insulin treatment group with a median HbA 1c of 9% of total hemoglobin in the conventional group), suggesting that those risk estimates may be conservative for youth who additionally face a longer period of disease-related exposures. 49 Previous studies have shown that the migration status of parents is associated with glycemic control among youth with T1D. 50 To address potential differences, we examined a subset of the sample with data on parental nativity (ie, US born vs foreign born) and found no significant differences across HbA 1c trajectory groups. Adjustment for parental nativity did not attenuate the association of black race or Hispanic ethnicity with the moderate or highest HbA 1c trajectory group, although the analysis is limited by small sample size (data not shown). Differences in youth and parental nativity status likely warrant future study in adequately powered samples.
Given the complexity of the study of race and health outcomes in the United States, in which health risks associated with race/ethnicity are not inherent but instead may signal underlying inequalities, 51 we posit that our results may reflect health inequity in T1D operating at multiple levels.
The social determinants of health operating outside of the health care system, including aspects of the physical environment, food security, social integration, barriers to health care, 52 
Limitations
A limitation of the study is that the observed inequity after adjustment for other factors may reflect racial and ethnic differences in the validity of HbA 1c as a measure of average glycemia owing to racial differences in the glycation of hemoglobin or other factors affecting red blood cell turnover. [67] [68] [69] However, the between-race differences that have been reported are small (0.4 percentage point in housing security, or food security. We did not control for diet and physical activity in these analyses.
A larger sample may identify additional trajectories that capture the experience of smaller subpopulations, such as individuals who initially have low HbA 1c that deteriorates later in the course of T1D. The outcome of trajectory group necessitated the use of logistic regression modeling, which may overestimate effect estimates, particularly when the outcome is common. 70, 71 Finally, there were relatively small numbers of participants across groups in the analyses stratified by sex and age at diagnosis. Larger studies are needed to further explore interactions and identify nonwhite youth who are at the highest risk for poor glycemic control over time. Finally, associations of data-driven trajectory models should be confirmed with future analyses that quantify and compare differences in longitudinal HbA 1c across racial/ethnic groups.
However, the study has several strengths, including the large, well-characterized, multiethnic cohort; 72 the extended follow-up period; and the use of an analytic approach to characterize multiple common HbA 1c trajectories and understand associated individual characteristics from an extensive collection of covariates.
